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Introduction
Gastric cancer (GC) is one of the most common cancers and leading cause of cancer deaths worldwide [1] . Although the survival benefit of surgical resection and adjuvant chemotherapy in GC, recurrence can occur in many cases during follow-up period. Because no effective therapy exists for recurrent setting, the estimation of the risk of recurrence has been of the clinical interest. Generally, the risk of recurrence is estimated based on various prognostic factors including TNM stage [2] , histological classification [3] , resection margin [4] , serosal invasion [4] , and tumor markers [5] .
Recently, the role of the inflammation emerged as an important part of the oncogenesis [6] [7] [8] . Several studies have investigated the prognostic role of inflammatory markers, such as Creactive protein (CRP) [9] , the neutrophil to lymphocyte ratio (NLR) [10] , and the platelet to lymphocyte ratio (PLR) [11] in GC.
Fluorine 18 fluorodeoxyglucose (FDG) positron emission tomography (PET)/computed tomography (CT) has been widely used for tumor evaluation, but applications for this modality are now being expanded to non-tumor pathophysiology, e.g. inflammation [12] . Based on our clinical experiences, variable range of diffuse splenic uptake compared to the liver have been identified in GC patients who were referred for staging work up. However, the clinical meaning of variable range of diffuse splenic uptake in GC patients is unexplained.
There exists one study that investigated the clinical significance of diffuse splenic uptake in heterogeneous patient group [13] . The study suggested the potential of diffuse splenic uptake as an imaging biomarker for the systemic inflammation and hematological imbalance in accordance with the significant relationship with serum inflammatory and hematological parameters. However, no studies have investigated the prognostic significance of diffuse splenic uptake in patients with GC.
In this study, we evaluated the prognostic value of diffuse splenic uptake in GC patients along with other previously reported prognostic factors. Moreover, the relationships of diffuse splenic uptake on PET/CT with serum inflammatory and hematological markers were also investigated.
Materials and methods

Patients and follow-up
This study was approved by the institutional review board (IRB) of the Ewha Womans University Mokdong Hospital. All procedures performed in studies involving human participants were in accordance with the ethical standards of the IRB and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Waiver of consent was obtained from the IRB for all patients and all of the data was anonymized prior to analysis. We conducted a retrospective review of the FDG PET/CT database at Gastric Cancer Center between January 2011 and February 2016. We retrospectively enrolled 134 pathology confirmed GC patients who underwent FDG PET/CT for staging work-ups. Patients who (1) had a previous history of other malignancies; (2) received any neoadjuvant chemotherapy before PET/CT; (3) was interpreted as a false negative on PET/CT because there was no focal abnormal hypermetabolic lesion in gastric wall; (4) had a distant metastasis; (4) had acute or chronic inflammatory disease or (5) had a short follow-up time (less than 6 months) were excluded. All enrolled patients were evaluated with a physical examination, laboratory tests, and esophagogastroduodenoscopy (EGD) before surgery, and then underwent surgical resection with or without adjuvant chemotherapy. The mean time interval between preoperative PET/CT and surgery was 8.0 days (range 0.0-35.0 days).
Presence of diabetic mellitus (DM) or hypertension (HTN), social history of smoking habit or alcohol intake were checked by the review of the medical records. The results of preoperative blood tests (including blood cell counts, hemoglobin, hematocrit, and CRP) were also retrieved. The NLR and PLR were calculated using blood test results. The pathological T and N stages of the patients were evaluated according to the American Joint Committee on Cancer staging guidelines.
After surgical resection, all enrolled patients underwent routine clinical follow-up for the recurrence surveillance. Time to recurrence was defined as the time from surgery to the date of the first finding that suggested recurrence on any studies and that led to further imaging studies and/or pathologic confirmation. Time to survival was defined as the time from surgery to the date of death. Patients without recurrence or death were censored at the date of the last follow-up.
F-FDG PET/CT and image analysis
All patients were evaluated with FDG PET/CT for staging work-ups. Before the FDG injection, patients were instructed to fast at least six hours and blood glucose level was confirmed to be<140 mg/dL. Each patient was injected with the FDG dose of 5.18 MBq/kg. After the injection of FDG, patients were strictly instructed to rest for one hour before the scan. A non-contrast CT was obtained first, and then an emission PET scan was obtained from the skull base to the thigh using an integrated Siemens Biograph mCT with 128 slice CT (Siemens Medical Solutions, Erlangen, Germany). The emission PET images were acquired for 2 min scan/bed position with 3D mode and were reconstructed with 3.0 mm slice thickness using a 3D OSEM iterative algorithm.
The PET/CT data were reviewed by 2 board-certified nuclear medicine physicians and were averaged. Both readers could refer other imaging studies including EGD, while were blinded to other clinical information. The maximal standardized uptake value (SUV max ) of primary tumor (T max ) was measured by placing a spheroid volume of interest (VOI) encasing the GC lesion with setting a margin threshold as 40% of the SUV max . The SUV max of spleen (S max ) was measured by placing a spheroid VOI on the center of spleen. The SUV max of liver was measured by placing a spheroid VOI on the right lobe of the liver. Then, we calculated spleen to liver ratio (SLR) by dividing the spleen SUV max by the liver SUV max .
Statistical analyses
A value p<0.05 was regarded as statistically significant. All statistical analyses were carried out using SPSS software version 18.0.
Differences in variables between patient groups were analyzed using the Chi-square test for categorical variables or the student t-test for continuous variables. The Kaplan-Meier survival curve was generated to estimate cumulative recurrence-free survival (RFS) and overall survival (OS) rates. All continuous variables in survival analysis were dichotomized by specific cutoff values, which were resulted by the receiver operating characteristic (ROC) analysis. Survival curves were compared with the log-rank test. To evaluate the prognostic values of variables for RFS and OS, univariate and multivariate Cox proportional regression analyses were performed and hazard ratios (HR) with 95% confidence interval (CI) were obtained for variables. Prognostic variables with statistical significance in univariate analysis were included in multivariate Cox proportional regression analysis to determine independent significant factors. Before performing this analysis, some variables with high collinearity or long 95% CI were omitted. An age-adjusted Spearman partial correlation analysis was performed to identify the relationships between splenic FDG uptake with other clinical features.
Results
A total of 134 subjects (M:F = 84:50) were included in the analysis. Table 1 summarizes the characteristics of the 134 GC patients in the study. Age (p = 0.022), histopathology (p = 0.037), AJCC staging (p<0.001), adjuvant chemotherapy (p<0.001), hematocrit (p = 0.014), PLR (p<0.001), CRP (p = 0.005), T max (p<0.001) and SLR (p = 0.003) were significantly different between patients with and without recurrence, whereas the other characteristics were not different.
Prognostic factors for predicting RFS
During the mean follow-up period of 34.5±21.8 (range, 6.5-74.8) months, 19 patients (14.1%) had disease recurrence. The optimal cutoff values for continuous variables were determined by Table 2 . Before performing multivariate analysis, PLR and NLR were found to be collinear, thus only NLR was subsequently included in the multivariate model. AJCC staging, adjuvant chemotherapy, hematocrit, and T max were found to have long 95% CI, thus the variables were not included in the multivariate model. When a multiple regression model was generated using NLR and SLR, SLR was found to be an independent prognostic factor associated with the recurrence (p = 0.018, HR = 3.011, 95% CI = 1.207-7.511). The representative cases of low SLR (Fig 1A-1C ) and high SLR (Fig 1D-1F 
Correlations between diffuse splenic uptake and other clinical features
To identify the clinical features associated with diffuse splenic uptake, the relationships between SLR and other clinical features were assessed. After adjusting for age, SLR had a significant negative correlation with serum hematocrit level (r = -0.256, p = 0.002; Fig 3A) , and a significant positive correlation with PLR (r = 0.362, p = 0.001; Fig 3B) , and T max (r = 0.280, p = 0.001; Fig 3C) .
Discussion
The present study showed that diffuse splenic FDG uptake was significantly associated with the both of RFS and OS of GC. Approximately 27.3% of patients with a high SLR experienced a recurrence, while only 9.9% of patients with a low SLR experienced a recurrence. Regarding OS, 18.2% of patients with a high SLR died from GC, while only 5.9% of patients with a low SLR died from GC. The SLR related significantly with serum hematocrit level, PLR and T max .
The clinical significance of diffuse splenic FDG uptake was studied by small number of researchers. Nam et al. investigated the relationship of diffuse splenic FDG uptake with hematological parameters and inflammatory markers based on their experience of unexplained and diffusely increased splenic FDG uptake greater than liver in some patients who performed FDG PET/CT for cancer surveillance [13] . Because the degree of splenic FDG uptake is generally less than liver, such a higher uptake compared to liver is considered as an unusual finding [14, 15] . They also used spleen/liver ratio, the corrected value of splenic uptake divided by hepatic uptake, to reduce the interindividual variation of splenic uptake. They reported that concurrent increase of serum inflammatory markers or decrease of hematologic parameters at the time of FDG PET/CT could be one of factors of diffuse splenic FDG uptake. Similarly, our results show the positive correlation between SLR and PLR, while negative correlation between SLR and serum hematocrit level.
The spleen plays important roles in mechanical filtration and creation of red blood cells, as well as active immune response to inflammation [16, 17] . The positive correlation between SLR and PLR seems to indicate an immune response by spleen to systemic inflammation in GC patients. The stimulation of megakaryocytes by proinflammatory cytokines induces thrombocytosis, thus an increased PLR has been considered as a marker of active systemic inflammation [18] . Whereas, the negative correlation between SLR and serum hematocrit level could reflect extramedullary hematopoiesis by spleen as a response to decreased serum hematocrit level. Recently, numerous preclinical and clinical evidences have supported the link between inflammation and carcinogenesis [19] . Inflammatory response to cancer contributes to initiation, promotion, and invasion of cancer cells. The positive correlation between SLR and T max indicates the relationship of inflammatory response with tumor aggressiveness.
Based on such a contribution of inflammation to carcinogenesis and tumor progression, the prognostic value of systemic inflammatory markers has been investigated in various type of cancers. Among the markers, NLR and PLR have been widely investigated with regards to the prognosis of GC patients [20, 21] . Increase of NLR and PLR is generally considered as a poor prognostic factor, despite the inconsistent results especially relating to the PLR [11] . In this study, we also found that high NLR and PLR were significantly related with poor prognosis on univariate analysis. Meanwhile, anemia is a common syndrome in cancer patients and there is growing evidence to support its close relationship with poor prognosis [22, 23] . In GC, tumor bleeding, malabsorption, poor oral intake, and other factors related to tumor pathology may contribute to anemia. Similarly, our results demonstrated that low hematocrit level was significantly related with poor prognosis on univariate analysis.
On multivariate survival analysis, SLR was an independent prognostic factor for RFS, while NLR was eliminated despite the significance on univariate analysis. The results indicate the potential of diffuse splenic uptake as an integrated imaging biomarker reflecting both of systemic inflammation and hematologic imbalance.
The prognostic value of diffuse splenic FDG uptake has not been investigated in any type of cancer. A few studies just reported the prognostic significance of FDG uptake of bone marrow (BM) in patients with non-small cell lung cancer (NSCLC) [24] . The studies have reported significant relationship of BM FDG uptake with serum inflammatory markers and independent prognostic value of BLR. Because the degree of BM FDG uptake is known to move in the same direction of splenic FDG uptake on PET images, the significance of diffuse splenic uptake as prognostic factor in this study is consistent with previous studies of BM uptake.
The retrospective design and the relative small number of enrolled patients are major limitation of the current study. Some degree of selection bias could be inevitable. And, the low number of deaths in our cohort prevent the use of multivariate analyses to estimate which variables are independent predictors for OS. As shown in Table 3 , crude hazard ratios of significant variables had long 95% CI due to the low number of events, and the results should be cautiously interpreted. Therefore, prospective study with a larger patient group is required to verify the prognostic role of diffuse splenic FDG uptake in cancer patients.
Conclusions
Diffuse splenic FDG uptake would have a potential as an imaging biomarker for the systemic inflammation and hematological imbalance in GC patients considering a significant relationship with serum inflammatory and hematological parameters. The significance of diffuse splenic FDG uptake as a prognostic factor indicates a critical role of inflammation in tumor progression.
